Determinations of serum thyroxine concentrations were made before induction of anaesthesia, after 20 minutes and 40 minutes of anaesthesia before operation, during operation, and after the end of operation in 36 patients. After 40 minutes of anaesthesia with diethyl ether and halothane there were significantly increased endogenous serum thyroxine concentrations, but thiopentone, nitrous oxide and oxygen anaesthesia definitely decreased the thyroxine level. Surgical operation further elevated the serum thyroxine level in both ether and halothane anaesthesia groups but no significant rise of thyroxine levels was observed in the thiopentone, nitrous oxide and oxygen groups.
Adrenocortical responses to anaesthesia and surgical operation are well known and have been extensively investigated. However, much less is known about the effect of anaesthesia and operation on thyroid function (Goldenberg, Rosenbaum and Hayes, 1955; Goldenberg et al., 1956; Goldenberg, Hayes and Greene, 1959; Hanbury, 1959; Hydovitz, 1957; Johnston, 1964; Brown et al., 1964) . The effects of individual anaesthetics on the activity of the thyroid gland have not been studied in detail, and the results of the few reports are conflicting (Oyama, 1957 (Oyama, , 1959 Greene and Goldenberg, 1959; Johnston, 1964; Brown et al., 1964; Fore, Kohler and Wynn, 1966) . The contradictory findings probably arise because of differences in the species studied, the experimental design and techniques used. Direct measurements of endogenous thyroxine levels in human serum during anaesthesia have not been reported previously, although Fore, Kohler and Wynn (1966) determined exogenous thyroxine concentrations in serum. The present study was undertaken, therefore, to investigate the effects of general anaesthesia alone on the serum thyroxine concentrations of patients and to compare them with the effects of anaesthesia plus surgery.
METHOD
Thirty-six patients ranging in age from 16 to 61 years were the subjects of the study. All patients underwent elective operations (tables I, II, III) and no patient was included who had hepatic, renal or severe cardiovascular disease. Low molecular weight dextran (Rheomacrodex) 100 ml was infused during anaesthesia alone and blood was transfused to replace the loss due to operation.
All patients received pentobarbitone (Nembutal) 2 mg/kg by mouth li hours before operation, and pethidine (Demerol) 35 mg with atropine 0.5 mg intramuscularly 1 hour before operation. Anaesthesia was induced with nitrous oxide 2 l./min, oxygen 2 l./min in a semicircle system: diethyl ether (14 patients) was administered by means of a Copper Kettle vaporizer and halothane (12 patients) by means of a Fluotec vaporizer. Barbiturates were not used for induction of anaesthesia before ether or halothane. After 15 to 20 minutes of anaesthesia, endotracheal intubation was performed with the aid of suxamethonium 40 mg. During maintenance of anaesthesia, the inspired and expired gas concentration ranged from 9.8 to 18.3 per cent and 7.5 to 12.2 per cent respectively for ether (I-II plane of the third stage); and 0.7 to 1.5 per cent and 0.5 to 1.0 per cent respectively for halothane anaesthesia as estimated using gas chromatography. The levels of anaesthesia were considered to be similar with halothane and ether. For the analysis of ether and halothane, helium was used as a carrier gas, and polyethylene glycol (PEG 1500F) was employed as a column packing agent.
The maximum coefficient of variation for the gas chromatographic analysis of ether and halothane by our method was 1.3 and 2.3 per cent respectively. The patients were exposed to these ranges of vapour concentrations for periods of from 50 minutes to 3 hours 50 minutes (mean 2 hours 40 minutes) for ether anaesthesia, and from 1 hour 55 minutes to 4 hours 54 minutes (mean 2 hours 35 minutes) for halothane anaesthesia. Thiopentone, nitrous oxide and oxygen anaesthesia was induced with nitrous oxide (3.5 l./min) and oxygen (1.5 l./min) and approximately 200 mg of thiopentone sodium given in divided doses. Further injections of 50-100 mg were made when needed and a total of approximately 500 mg was injected over 40 minutes of anaesthesia. Tubocurarine (15-30 mg) was used for muscle relaxation during surgery. Ventilation was assisted. Anaesthesia alone lasted for at least 40 minutes in each case. Po 2 , Pco 2 , and pH were determined in arterial blood at 37 °C by means of Astrup ultra-micro equipment with a Severinghaus electrode. As is seen from table IV, no significant difference in Pa C02 levels was observed between diethyl ether and thiopentone groups.
Five blood samples were obtained from each patient: (1) in the morning 10 minutes before induction of anaesthesia; (2) 20 and 40 minutes after induction of anaesthesia before surgery; (3) 30 minutes after the start of surgery; and (4) after anaesthesia when the patient was awake in the recovery room. Five-ml samples of venous blood were drawn and the serum was separated within 30 minutes. Serum was assayed for thyroxine (T 4 ) using the resin sponge uptake of isotopic triiodothyronine ( 131 I-T 3 )* according to the method of Nakajima and others (1966) .
The thyroxine binding protein (TBP) in the patient's serum was destroyed by adding 95 per cent ethanol. The standard pooled serum was added to this thyroxine extract and the 131 I-T 3 resin sponge uptake of this mixture was measured. Then the thyroxine content of the patient's serum sample was measured using the standard calibration curve of 131 I-T 3 resin sponge values obtained using various known concentrations of thyroxine solution. Finally, these calibrated thyroxine values were further corrected using the value of recovery of thyroxine from the serum sample into the ethanol extract. Unlike the conventional 131 I-T 3 resin sponge uptake (Mitchell, Harden and O'Rourke, 1960) , this method can measure thyroxine concentration in the serum without regard to the amount of thyroxine binding protein in the patient's serum sample and is related with TBP of the pooled standard serum.
The conventional test for measurement of the uptake of 131 I-T 3 by using resin sponge (Triosorb)-described by Mitchell, Harden and O'Rourke (1960) depends on the saturation of TBP by thyroxine. When TBP is not normal (as in conditions such as nephrosis, pregnancy, etc.) it does not necessarily relate to the thyroxine concentration. The duplicate error of our technique was 0.03 jug/100 ml, a reliable figure for analysis of the data. One ml of 131 I-T 3 in Tris buffer, 0.5 ml of the standard stock serum and 0.5 ml of distilled water was added to the test tube in which 2 ml of the serum sample had been deproteinized with 4 ml of 95 per cent ethanol. Then resin sponge was added and the mixture incubated for 60 min at 4°C. According to the conventional method a total count was measured by a well-type scintillation counter during the incubation period; the radioactivity remaining in the sponge was counted after the sponge was washed with water. The thyroxine content in the 2 ml of supernatant was then determined from the standard curve.
RESULTS

Diethyl ether.
The mean (+ standard error of the mean) control thyroxine concentration was 11.3 + 0.48 //g/ 100 ml; after 20 minutes of ether anaesthesia 12.6 + 0.47 ^g/100 ml (increase 11.5 per cent; P<0.005); after 40 minutes 13.7 + 0.55 jug/ 100 ml (increase 21.3 per cent; P<0.005); and during operation 15.3+0.75 ,ag/100 ml (increase 35.5 per cent; P<0.005). These changes were statistically significant in comparison with the control pre-induction values (table I) .
Halothane.
The control pre-induction serum thyroxine level was 11.3 + 0.29 ,ug/100 ml; after 20 minutes of halothane 12.3 ±0.48 ^g/100 ml (increase 8.8 per cent; P<0.01); after 40 minutes 13.0 + 0.40 jug/ 100 ml (increase 15.0 per cent; P<0.001); during operation 13.7 + 0.54 ^ag/100 ml (increase 21.2 per cent; P<0.001). These changes were statistically significant in comparison with control values (table II) .
Thiopentone, nitrous oxide with tubocurarine.
The control serum thyroxine level was 12.1 ± 0.63 /tg/per 100 ml; after 20 minutes of thiopentone 10.6 + 0.51 fig/100 ml (decrease 12.3 per cent; P<0.05); after 40 minutes 9.9 + 0.68 /<g/ml (decrease 18.1 per cent; P<0.05); during operation 11.3 + 0.98 /tg/ml (decrease 6.5 per cent). These alterations were statistically significant except for the value during operation (table III) .
DISCUSSION
In order to measure thyroxine (T,) in serum, indirect and rather complicated methods such as PBI (protein bound iodine) and BEI (butanol extractive iodine) have been used. The more simple method such as 131 I-T 3 resin sponge uptake has the same disadvantages as PBI which is dependent on the thyroxine binding protein (TBP) in the blood. Unlike these techniques, the method used in the present investigation measured T 4 concentration in the serum without regard to the amount of TBP in the serum sample; this seems to be more reliable (Nakajima et al., 1966) . It is of interest to note that Fore, Kohler and Wynn (1966) recently showed that surgical operations under ether anaesthesia in man were associated with rapidly increased plasma radioactive thyroxine ( 131 I-T 4 ) concentrations.
In the present study, ether anaesthesia increased serum thyroxine levels promptly and significantly and a more intense elevation of thyroxine occurred during operation. Although the magnitude of the increase was somewhat less than with ether a similar tendency was found with halothane. Greene and Goldenberg (1959) observed that anaesthesia with nitrous oxide, oxygen and ether did not cause statistically significant alterations on the conversion ratio (c.r.=net counts of PBI in 2 ml serum divided by net counts of 131 I in 2 ml serum and multiplied by 100). Hydovitz (1957) was also unable to detect change in the plasma PBI during ether anaesthesia in man. Johnston (1964) reported that anaesthesia alone, consisting of induction with thiopentone and maintenance with nitrous oxide, oxygen and halothane, had no effect on the thyroid uptake of 131 I in man. A similar observation was made by Brown and associates (1964) during operation with the same anaesthetic technique.
The antithyroid property of thiobarbiturates was first reported by Astwood (1945) , and confirmed by Wase and Greenspan (1953) and Oyama (1957 Oyama ( , 1959 in animal isotopic experiments. In the present study anaesthesia with thiopentone, nitrous oxide and oxygen in man decreased the serum thyroxine level significantly, confirming the previous findings in animal experiments. Pentobarbitone has been shown not to influence thyroid activity in rats (Oyama, 1959) . It is of interest to note that the thiobarbiturate nucleus, thioureylene NH-C(S)-NH, is chemically allied to thiouracil, and pentobarbitone has O instead of S in this connection which resulted in non-antithyroid property.
Hepatic function as indicated by the bromsulphthalein test and hepatic blood flow is known to be influenced by anaesthesia. Furthermore, hepatic distribution of radioactive thyroxine is the highest among the various organs. Cavalieri and Searle (1966) reported that 30 per cent of injected radioactive thyroxine was distributed to the liver. Therefore a possible role of the liver on serum thyroxine levels during anaesthesia cannot be neglected. Hepatic blood flow increases or does not change during ether anaesthesia (Levy et al., 1961) , is decreased during halothane anaesthesia (Epstein et al., 1961 (Epstein et al., , 1966 , and shows no appreciable change during thiopentone, nitrous oxide and oxygen anaesthesia (Epstein et al., 1961) . The arterial carbon dioxide tension is also reported to have a parallel influence on hepatic blood flow (Epstein et al., 1966) . The absence of a significant difference in Pa 0 o 2 levels between the diethyl ether and thiopentone groups makes it unlikely that the changes seen with diethyl ether might be in some way related to carbon dioxide retention.
Serum thyroxine concentrations are influenced by many factors: hypothalamic thyrotropin releasing factor (TRF); pituitary thyroid stimulating hormone (TSH); thyroid iodine uptake; synthesis and secretion of thyroid hormone; hepatic or renal metabolism and excretion of hormone; level of serum protein and peripheral utilization of thyroxine. Therefore serum thyroxine level appears to reflect the general thyroid function influenced by above parameters. General anaesthesia may alter serum thyroxine levels by influencing the hypothalamic-pituitary-thyroidal system or by changing the distribution of thyroxine in various organs or the peripheral utilization of thyroxine. From the clinical point of view, the results of our study suggest that tbiopentone, followed by nitrous oxide and oxygen would be a better choice than diethyl ether or halothane for the patient with hyperthyroidism.
